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SUMMARY OF THE INVENTION 

The semiconductor device of this invention, includes a dielectric substrate, a covering layerformed on the 
substrate, a semiconductor layer, a gate dielectric layer, and a gate electrode, the covering layer comprising 
a first layer formed toward the dielectric substrate and a second layer formed toward the semiconductor layer, 
the first layer being made of a silicon compound containing oxygen, and the second layer being made of a 
silicon compound containing nitrogen. 

Alternatively, the semiconductor device includes a dielectric substrate, a covering layerformed on the sub- 
strate, a semiconductor layer, a gate dielectric layer, and a gate electrode, the covering layer comprising a first 
layer formed toward the dielectric substrate and a second layer formed toward the semiconductor layer, the 
first layer being made of a silicon compound containing nitrogen, and the second layer being made of a silicon 
compound containing oxygen. u 

Alternatively, the semiconductor device includes a dielectric substrate, a covering layerformed on the sub- 
strate a semiconductor layer, a gate dielectric layer, and a gate electrode, the covering layer comprising a first 
layerformed toward the dielectric substrate, a second layerformed toward the semiconductor layer, and a third 
layer formed on the second layer, the first layer and second layer both being made of a silicon compound con- 
taining oxygen, and the third layer being made of a silicon compound containing nitrogen. 

Alternatively, the semiconductor device includes a dielectric substrate, a first dielectric entity formed on 
the substrate, a multiplayer island comprising a semiconductor layer, a gate dielectric layer, and a lower gate 
electrode successively formed on the first dielectric entity, a second dielectric entity around the side of the 
multilayer island, an upper gate electrode formed on the first dielectric entity and the multilayer island, the 
first dielectric entity comprising a first layer of silicon compound containing oxygen toward the dielectric sub- 
strate and a second layer of silicon compound containing nitrogen. 

Alternatively, the semiconductor device includes a dielectric substrate, a first dielectric entity formed on 
the substrate a multilayer island comprising a semiconductor layer, a gate dielectric layer, and a lower gate 
electrode successively formed on the first dielectric entity, a second dielectric entity around the multilayer is- 
land an upper gate electrode formed on the first dielectric entity and the multilayer island, the first dielectric 
entity comprising a first layer of silicon compound containing oxygen toward the semiconductor layer, and a 
second layer of silicon compound containing nitrogen. 

According to another aspect of the present invention, there is a process for fabricating a semi-conductor 
device the process including the steps of preparing a dielectric substrate, forming a first silicon compound 
layer containing nitrogen and a second silicon compound layer containing oxygen one above the other on at 
least one side of the dielectric substrate successively within the same chamber, and forming TFTs on the sec- 
ond silicon compound layer. 

Alternatively, the process for fabricating a semiconductor device includes the steps of prepanng a dielectric 
substrate, forming a first dielectric entity with a first layer of silicon compound containing oxygen toward the 
dielectric substrate and a second layer of silicon compound containing nitrogen, forming a multilayer including 
a semiconductor layer, a gate dielectric layer, and a lower gate electrode successively formed on the first di- 
electric entity, removing the multilayer until it remains in the form of an island, forming a second dielectric entity 
around the side of the island, forming an upper gate electrode layer, and etching the upper gate electrode layer 
and the lower gate electrode layer with the use of the same resist pattern. 

Alternatively, the process for fabricating a semiconductor device includes the steps of preparing a dielectric 
substrate forming a first dielectric entity with a first layer of silicon compound containing oxygen toward the 
semiconductor layer, and a second layerof silicon compound containing nitrogen, forming a multilayer including 
a semiconductor layer, a gate dielectric layer, and a lower gate electrode successively formed on the first di- 
electric entity, removing the multilayer until it remains in the form of an island, forming a second dielectric entity 
around the side of the Island, forming an upper gate electrode layer, and etching the upper gate electrode layer 
and the lower gate electrode layer with the use of the same resist pattern. 

Alternatively, the process for fabricating a semiconductor device, the process includes the steps of pre- 
50 paring a dielectric substrate, forming a covering layer comprising at least an SiO x O y layer and an S\O z layer 
one above the other on at least one side of the dielectric substrate, and forming TFTs on the covering layer. 

Thus the invention described herein makes possible the advantages of (1) providing a semiconductor de- 
vice in which a covering layer is firmly adhered to the dielectric substrate against a possible peeling-off dunng 
the fabrication process, impurity ions from a glass substrate are prevented from diffusion into the semicon- 
55 ductor substrate, which is particularly advantageous in restraining an off current when the TFTs of polysilicon 
are used (2) providing a semiconductor device which enables silicon crystals in the semiconductor layer to 
grow into sufficient particle sizes, thereby enhancing the mobility of the crystals, (3) providing a process for 
fabricating a semiconductor device without the possibility of having particles mixed with the forming dielectric 
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layers thereby obtaining quality dielectric layers, (4) providing a process forfabricating a semiconductor device 
which 'has good adherence owing to SiNA rich in oxygen (nearly y = 2). the content of oxygen d.min.shing 
until the SINxCX layer becoming an SIN X layer (y = 0) which is effective to prohibit the diffusion of impurity ions 
from the glass substrate, and (5) providing a process for forming a polysilicon layer and a gate dielectric layer 
s successively which enable forming a dielectric layer easily and in sufficient repeatability without affecting a 
polysilicon layer and a gate dielectric layer after working a polysilicon layer into a predetermined shape. 

These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 1s a schematic cross-section showing a glass substrate covered with a dielectric layer on one side 
figure 2 is a schematic cross-section showing a glass substrate covered with dielectric layers on both 
is sidea£hj»m0f^ fl schematic cross-section showing a semiconductor device incorporating the substrate shown 

F Figure 4 is a schematic cross-section showing a second embodiment of the semiconductor device accord- 
ing to the present invention. 

20 Figure 5 is a schematic cross-section showing a third embodiment of the semiconductor device according 

to the present invention. , .. 

F ig ure 6 is a schematic view showing a fourth embodiment of the semiconductor device according to the 

PreS Ftaures 7A-7B to 13A-13B are schematic views showing a series of the process of fabricating the semi- 
25 conductor device shown in Figure 6, wherein Figures 7A to 13A are respectively a oross-s ection taken along 
the line A-A' in Figure 6. and wherein Figures 7B to 13B are respectively a cross-section taken along the line 

^ B F?gure14 is a graph showing the relationship between time and intensity of illustration with respect to an 
illumination spectrum of 388 nm of the fourth embodiment shown in Figure 6. 
30 Fiqures 1 5A-1 5B to 16A-16B are schematic views showing a series of the process of fabncating a fifth 
embodiment according to the present Invention, wherein Figures 1 5A and 1 6A are respectively a cross-section 
taken along the line A-A' in Figure 6, and wherein Figures 15B and 16B are respectively a cross-section taken 

al0n Fig h u e re'l7 tea grapSwing the relationship between time and intensity of illumination with respect to an 
35 illumination spectrum of 388 nm of the fifth embodiment shown in Figure 6. 

Figures 18A and 1 8B are schematic views showing a series of the process of fabricating a sixth embodi- 
ment according to the present invention, wherein Figure 18A is a cross-section taken along the line A-A' in 
Figure 6, and wherein Figure 18B is a cross-section taken along the line B-B' in Figure 6. 

Figures «A and 19B are schematic views showing a series of the process of fabncating a seventh env 
40 bodlment according to the present invention, wherein Figure 19A is a cross-section taken along the line A-A' 
in Figure 6. and wherein Figure 19B is a cross-section taken along the line B-B' in Figure 6. 

Figures 20A and 20B are schematic views showing a series of the process of fabricating an eighth em- 
bodiment according to the present invention, wherein Figure 20A is a cross-section taken along the line A-A' 
in Figure 6, and wherein Figure 20B is a cross-section taken along the line B-B' in Figure 6. 
45 Figures 21 A and 21 B are schematic views showing a series of the process of fabricating a ninth embodi- 
ment according to the present invention, wherein Figure 21 A is a cross-section taken along the line A-A' in 
Figure 6, and wherein Rgure 21 B is a cross-section taken along the line B-B' in Figure 6. 

Fiqure 22 is a schematic view showing a thin film transistor for comparison. 

Figure 23 Is a schematic view showing an active matrix liquid crystal display apparatus incorporating a 
so semiconductor device according to the present invention. 

nrsrniPTinN OF THE PREFERRED EMBODIMENTS 
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Example 1 

Referring to Figures 1 to 3. the exemplary embodiment includes a substrate 1 covered with a first layer 2 
of SiN x O ¥ end a second layers of SiN, formed is this order. The examples shown in Figures 1 and 3 have these 
layers on one side only but the example shown in Figure 2 the substrate 1 is covered with these layers on 
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both sides. In fabricating the examples of Figures 1 and 3, care must be taken to prevent impurity ions from 
being lost through the uncovered side of the substrate 1 . In fabricating the example of Figure 2, it is preferable 
to form the two layers on both sides of the substrate 1 while the substrate is kept in an erected position. The 
exemplary embodiment includes the coverage of two layers 2 and 3 but a further set of layers can be formed 
s so as to ensure that impurity ions are prevented from becoming lost 
The layers 2 and 3 are formed in the following manner 

Preferably a reactive sputtering process is used. Atfirst, the first layer 2 of SiN x O y is formed on the glass 
substrate 1 by sputtering in a gaseous mixture of nitrogen and oxygen with the use of a silicon target. Under 
a condition that the flow rate of oxygen was 0.1 to 10%, using a pressure of 1 to 20 mTorr, and the substrate 
10 1 had a temperature of 150 to 300°C, good results were obtained. The thickness of the resulting layer 2 was 
in the range of 200 to 500 A, and the adhesion was found sufficient 

Then, the second layer 3 of SIN Z is formed on the first layer 2. Sputtering is conducted with the silicon 
target in a nitrogen atmosphere. Good results were obtained when the gaseous pressure was 1 to 20 mTorr, 
and the substrate had a temperature of 150 to 300°C. The thickness of the second layer 3 was 500 to 3000 
15 A, and this thickness was sufficient to prevent impurity ions from flowing out 

It is possible to add an inert gas such as argon gas to the gaseous atmosphere. It is also possible to form 
the two layers 2 and 3 in the same apparatus successively. This increases efficiency in production, and the 
quality of the layers. Instead of the reactive sputtering method, a CVD method can be applied. 

After the substrate 1 is covered with the first layer 2 and the second layer 3, a transistor element (seml- 
20 conductor elements) are formed on the second layer 3 as shown in Figure 3. 

More specifically, after a polysilicon layer 4 is formed on the SiNz layer 3 as a channel layer for the tran- 
sistors, and then the layer 4 is patterned to a transistor size which is covered with a gate dielectric layer 5. 
The gate dielectric layer 5 is made of Si0 2 but can be made of any other material. The gate layer (unshown) 
is patterned to form a gate electrode 6. The gate electrode 6 is made of polysilicon but can be made of any 
25 other material if the material is electrically conductive. Subsequently, a contact hole is formed so as to effect 
an ohmic contact between a source 7 and a drain 8, and a leader electrode 10. A dielectric layer 9 and the 
leader electrode 10 are formed. Finally, hydrogen treatment is conducted so as to remove any dangling bond 
of the grain boundery in the polysilicon layer 4. 

The characteristics of an off current through the polysilicon transistor formed in this way is the same as 
30 the levels (0 to 1 0~ 11 A) of the off current through a quartz substrate and a glass substrate covered with SiN z . 
This indicates that impurities are effectively prohibited from flowing out through the glass substrate. The sec- 
ond SiN K O y layer ensures a more adhesion to the glass substrate than the adhesion in the case that a single 
layer of SIN Z is used to the extent so that the bond can withstand a load occurring throughout the whole process 
of forming the transistors. In addition, the SiN z layer prevents the impurities ion in the glass substrate 1 from 
35 diffusing into the transistors. 

Example 2 

Referring to Figure 4, the exemplary embodiment has a transistor section having the same structure as 
40 that shown in Figure 3, wherein corresponding components are indicated by same reference numerals. 

The glass substrate 1 is covered with a layer 12 of SiN x O y wherein the values of y vary from 2 to 0 from 
the boundary between the glass substrate and the layer 12 to an above boundary in Figure 3. The layer 12 is 
formed by a reactive sputtering method. 

More specifically, the SiN x O y layer is formed by a sputtering method with a silicon target in a gaseous mix- 
45 ture of nitrogen and oxygen. Initially, the flow rate of oxygen was in the range of 100 to 1 0%, and the rate was 
reduced to 0% as the formation of layer proceeds. After the predetermined period in the rate reaching 0% the 
formation of the layer ends. As the formation of layer proceeds, the values of y vary from 2 to 0 successively 
to form an SiN x O y . Good results were obtained when the total pressure was 1 to 20 mTorr, and the substrate 

1 had a forming temperature of 1 50 to 300°C. The thickness of the layer was 500 to 3000 A which was sufficient 
50 to secure optimum contact and restraint of impurities. It is possible to add inert gas such as argon to the gas- 
eous mixture. Instead of the reactive sputtering method, a CVD method can be applied. It is possible to form 
the quality layers efficiently of SiN x Oy successively in the same chamber with the values of y being given from 

2 to 0 from the substrate. 

Since the value of y of the SIN x O y layer 12 near the surface of the glass substrate Is in the range of 2, a 
55 high adhesion is secured between the substrate and the layer to the extent thatthe adhesion withstood clean- 
ing, etching, heat treatment, ion implantation, and plasma treatment. The substrate 1 is evenly covered with 
the SiN x O y having the value of y of 0 so that impurities are prevented from diffusing from the glass substrate 
1 into the semiconductor device (transistors). In the illustrated embodiment the substrate 1 is covered with 
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the SiN x Oy layer on one side but it can be wholly covered including both aides. 
Example 3 

5 Referring to Figure 5, a third embodiment will be described: 

An SiN x O y layer 13, an SiN z layer 14 and an Si0 2 layer 15 are formed on the glass substrate 1. These 
three layers are formed by a reactive sputtering method. 

More specifically, the SiN x O y layer 13 is formed on the glass substrate 1 by reactive sputtering method 
with a silicon target. The layer 13 was formed under the conditions in which the substrate 1 had a temperature 

10 of 200°C, a RF power was 750 W, a gaseous pressure was 1 2 mTorr, a flow rate of N 2 gas was 50 seem (stan- 
dard cubic centimeter per minute), and a flow rate of 0 2 was 5 seem or less. Then, in the same chamber, the 
Sir^ layer 14 ls formed to 2400 A under the same conditions except for the supply of oxygen. Then, in the 
same chamber the target was replaced with an Si0 2 target, and the Si0 2 layer 15 was formed to about 500 A 
under the conditions in which the substrate had a temperature of 200°C, an RF power was 750 W, a gaseous 

15 pressure was 5 mTorr, a f low rate of argon gas was 70 seem, and the flow rate of oxygen was 30 seem. 

Subsequently, an amorphous Si layer was formed to about 1000 A by means of a plasma CVD apparatus, 
and this layer was subjected to furnace annealing to form a polysilicon layer which was patterned to form a 
resist pattern to a desired shape and subjected to etching. Then, the gate dielectric layer 5 was formed to about 
1000 A by means of a sputtering apparatus. Then, a polysilicon layer, which becomes a gate electrode 6, was 

20 formed to about 2000 A by a vacuum CVD apparatus, and this polysilicon layer was patterned to for m a resist 
pattern to a desired shape and was subjected to etching by use of a reactive ion etcher. Then P* ion was im- 
planted into the entire surface of the layer, and subjected to activating annealing so as to reduce the resistance 
of the gate electrode 6, and to reduce the resistance of the source area 7 and the drain area 8 and activate 
them. Then an Si0 2 layer was formed to about 5000 A by a normal pressure CVD apparatus in which a contact 

25 hole was formed to form a dielectric interlayer 9. The gate dielectric layer 5 is provided with a hole so as to 
connect t he source area 7 and drain area 8 to an aluminum electrode 1 0 which is formed later. Finally, aluminum 
was formed into an aluminum layer having a thickness of about 1 urn so as to form the aluminum electrode 
10. 


Table 1 


Flow Rate of O2 (seem) 

Peeling-Off 

0 

occurred 

1 

nil 

3 

nil 

5 

nil 

10 

occurred 

20 

occurred 


Table 1 shows the relationship between the flow rate of oxygen gas as one condition of forming conditions 
of SiN x O y layer 13 and the pealing of SiN x O y layers 13. It will be understood from Table 1 that when the flow 
«* rate of 0 2 exceeds 10 seem, the resulting layer is more easily peeled because the content of Si0 2 increases. 
When the flow rate of 0 2 is too low, separation from the substrate is likely to occur. 
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Table 2 


S»N x O y (A) 

Peeling-Off 

100 

occurred 

300 

occurred 

600 

nil 

1000 

nil 

2000 

nil 


Table 2 shows the relationship between the thicknesses of the SiN x O y layers 13 and the separation there- 
of. It will be understood from Table 2 that when the thickness of the layer 1 3 remains below 300 A, separation 
15 is likely to occur. 

In the exemplary embodimentthe three layers between the glass substrate and the active layerare formed 
by a sputtering method with the use of the Si target for the SiN x Oy layer 13 and SiN z layer 14 and the Si0 2 
target for the Si0 2 layer 15. Instead of the sputtering method, a CVD method can be used. Under certain con- 
ditions, however, the SiN x O y layer 13 is not necessarily required. 

20 According to the present invention, impurities are prevented from diffusion into the semiconductor ele- 
ments which would otherwise be likely to occur in fabricating TFTs on the glass substrate. In addition, a quality 
polysilicon layer is formed by the method of heat treating an amorphous silicon layer to a polysilicon layer. 
The interposition of an SiN x O y between the substrate and the SiN z solves the problem of detrimental separation 
of the SiN 2 . Furthermore, the formation of a succession of layers in the same chamber advantageously pre- 

25 vents impurities such as particles from being mixed with these layers. 

Example 4 

Referring to Figures 6 to 13A, 13B, first, an SiN layer 3 was formed to about 3000 Aon a cleaned glass 
30 substrate 1 by a sputtering method or a CVD method. Then, an SI0 2 layer 1 6 was formed to about 500 A by 
a sputtering method or a CVD method. Then, an amorphous silicon layer was formed to about 1000 Aon the 
Si0 2 layer 16 by a plasma CVD method, wherein the substrate had a temperature of 400 to 600°C, SiH 4 gas 
was diluted with hydrogen gas, subjected to decomposition by heat and plasma. 

In order to obtain a polysilicon layer4from. the amorphous silicon layer, the amorphous layer was annealed 
35 at 600°C at vacuum or in an inert gas atmosphere for about 50 hours. An Si0 2 layer 5, which becomes a gate 
dielectric layer later, was formed to about 1000 A by a vacuum CVD apparatus. In the process of fabricating 
the gate dielectric layer from fabricating the amorphous silicon, the glass substrate was moved from the plasma 
CVD apparatus to the annealing furnace, and from the annealing furnace to the vacuum CVD apparatus. This 
movement of the glass substrate takes place in a load rock chamber at vacuum or filled with an inert gas at- 
40 mosphere. 

Figures 7A and 7B show multilayers in which a polysilicon layer 17, which becomes a lower gate electrode 
6a, was formed to about 1000 A by a vacuum CVD apparatus. Each of the three layers 4, 5 and 17 on the 
Si0 2 layer 16 was etched by the same resist pattern to form an island-shaped pattern 100 as shown in Figure 
8A. The etching to each of layers 4, 5 and 17 was carried out with the use of a reactive Ion etcher, and it was 

46 an anisotropic etching so as to ensure that the vertical cross-sectional surface of the etched layer 4, 5, and 
17 remained perpendicular to the substrate 1. The etching for the polysilicon layer 17 used a gaseous mixture 
as etching gas of SF 6 and CCI 4 and that for the Si0 2 used CHF 3 . 

Then, as shown in Figures 9A and 9B the entire surface of the glass substrate 1 was covered with an SiN 
layer 27 formed to about 5000 A by a sputtering method or a CVD method. Then, an anisotropic etching was 

50 carried out on the SiN layer 27 with CHF S as a reactive gas by use of a reactive ion etcher so as to erode the 
SiN layer 27. In this way the SIN layer 27 diminishes until portions 27a thereof remains on each side surface 
of the island-shaped pattern 100 as shown in Figures 10Aand 10B. 

Figure 14 shows the relationship between time and intensity of emission with respect to a CN spectrum 
of 388 nm in a plasma emission spectrum at reactive ion etching arising from the etching gas CHF 3 and SiN 

55 layer 3, wherein the time starts immediately after the etching was started. It will be understood from the graph 
that the intensity of emission becomes suddenly low at a certain point of time, from which it will be understood 
that the SiCfe layer 16 was exposed at this point of time. It was preferred that the etching operation should be 
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stopped after it was confirmed that the intensity of emission becomes lowest, the etching was finished, and 
this ensures that the size of the remaining portions 27a of the SiN layer 27 on the side surface of the island 
shaped pattern 100 can be constant In this case, a possible reduction in thickness of the lower gate electrode 
6a which forms a top surface of the island-shaped pattern 100 was as negligible as about 50 A. 

5 In order to secure constantly the SIN layer portions 27a to the side surface of the island-shaped pattern 

100, it was possible to select the etching ratio of the lower gate electrode 6a and the SiN layer 27 covered 
thereon to etch the SiN layer 27. 

Then, a polysilicon layer, which becomes the upper gate electrode 6b, was formed to about 2000 A by a 
vacuum CVD apparatus, and as shown in Figures 11 A and 11 B, after a resist pattern was prepared in a desired 

10 shape, the lower gate electrode 6a and the upper gate electrode 6b are etched together with the use of a re- 
active ion etcher so as to form a gate electrode 6. 

Then, the entire surface of the polysilicon layer was subjected to ion Implanting to activating anneal, so 
as to reduce the resistance thereof, wherein the treating polysilicon layers include the lower gate electrode 
6a, the upper gate electrode 6b, and a source/drain region 7/8. 

15 Then, as shown in Figure 12A, the whole substrate 1 was covered with an Si0 2 layer or a PSG layer doped 
P (phosphor), and a contact hole was made to form a dielectric intertayer 18. Another hole was made in the 
gate dielectric layer 5 so as to connect the source/drain region 7/8 to an aliminum electrode which was later 
formed. Although it is not shown in the drawings, another contact hole was also made in the layer on the gate 
electrode 6 to be connected to the aluminum wiring which Is later formed. 

20 Subsequently, an aluminum layer was formed to about 5000 A by a sputtering apparatus, and was formed 
to a desired shape so as to form a source electrode 19a and a drain electrode 19b. Figure 13B shows an entity 
having the source electrode 19a, the drain electrode 19b, TFTs, and peripheral wiring. 

Example 5 

25 

Referring to Figures 15A-15B to 16A-16B, a fifth embodiment will be described: 

In this embodiment, an SiO z layer was used instead of the SiN layer 3, 27 in Example 4. The process 
up to Figures 8A and 8B was also carried out, and a description is omitted. 

After the island-shaped pattern 100 was patterned as shown in Figure 15A, the whole surface of the sub- 
so strate 1 was covered with an SiOs layer 20 formed to about 5000 A by a normal pressure CVD apparatus. The, 
as shown in Figure 16A, the SI0 2 layer 20 was subjected to an anisotropic etching with the use of a reactive 
CHF 3 gas by the reactive ion etcher so as to reduce the SiO z layer 20 until it remained as a portion 20a on 
the side surface of the island-shaped pattern 100. 

Likewise, the etching period of time was controlled through variations in the intensity of emission of the 
35 plasma emission spectrum. After the Si0 2 layers 20 and 16 were etched, the lower gate electrode 6a and the 
Si0 2 layer 16 on the substrate 1 are exposed. Since the lower gate electrode 6a occupies only a small area 
to a whole area of the glass substrate 1, the influence upon the spectrum is negligible. 

Since the surface of the substrate 1 was also made of Si0 2 layer 16, no change in the emission spectrum. 
Accordingly, the Si0 2 layer 16 was continuously etched until the top surface of the SiN layer 3 as a layer pre- 
40 venting Impurities from diffusing was exposed. Figure 17 shows the relationship between time and intensity 
of emission with respect to a CN spectrum of 388 nm arising from the etching gas CHF 3 and SiN layer 3, wherein 
the time starts immediately from the start of the etching. It will be understood from the graph that the intensity 
of emission becomes suddenly high at a certain point of time, from which it will be understood that the SiN 
layer 3 was exposed at this point of time. It was preferred that the etching operation should be stopped after 
45 it was confirmed that the intensity of emission became high, the etching was finished, and this ensures that 
the size of the remaining portions 20a of the Si0 2 layer 20 on the side surface of the island-shaped pattern 
1 00 can be constant. As compared with Example 4, the Si0 2 layer 1 6 on the substrate 1 was slightly excessively 
etched. Thus, the size of the remaining portion 20a was slightly diminished but its dielectric strength was not 
spoiled but remains sufficiently effective. 
so In this embodiment, the Si0 2 layer 16 is formed to 500 Ain thickness. As the Si0 2 layer 16 becomes thicker, 
the remaining portion 20a of the Si0 2 becomes smaller. An optimum thickness is 1000 A or less. In this case, 
the reduction of the thickness of the lower gate electrode 6a was only 100 A. 

The process subsequent to the formation of the upper gate electrode 6b is the same as that taken in Ex- 
ample 4. It Is possible to etch the SI0 2 layer 20 alone because the upper surface of the Island-shaped pattern 
55 100 is made of polysilicon layer which is the lower gate electrode 6a. 
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Example 6 

Referring the Figures 18Aand 18B, a sixth embodiment will be described: 

In this embodiment, an SiN x Oy layer and an SiN 2 layer are formed one above another as a first set of 
5 dielectric layers Instead of the SIN layer 3 and Si0 2 layer 16 in Example 4. 

Referring to Figures 18Aand 18B, a cleaned glass substrate 1 was prepared, and an SiN x O y layer 2 was 
formed on the substrate 1 by a reactive sputtering apparatus, with the silicon target in a gaseous mixture of 
nitrogen and oxygen. A good result was obtained when the flow rate of oxygen was 0.1 to 10%, having a total 
pressure of 1 to 20 mTorr, and the substrate had a temperature of 1 50 to 300°C. The resulting SiN x O y layer 2 
10 had a thickness of 200 to 500 A, and the adherence was sufficient 

Then, an SiN 2 layer 3 was formed on the Sils^Oy layer 2 in the following manner 
An SiN 2 layer 3 was formed on an SIN x O y layer 2 by a sputtering method with silicon target in a nitrogen 
gaseous atmosphere. A good result was obtained when the gas pressure was 1 to 20 mTorr, the substrate 1 
had a temperature of 150 to 30O°C. The resulting layer 3 had a thickness of 500 to 3000 A, and it was found 
15 that the SiN z layer 3 was effective to confine impurities in the substrate 1. 

It is possible to add an inert gas such as argon to the gaseous atmosphere. Preferably, the SiN x O y layer 
2 and the SiN 2 layer 3 are successively formed in the same chamber, which increases the production efficiency 
and quality of the layers 2 and 3. Instead of the reactive sputtering method, a CVD method can be used. 
TFTs were formed on the SiNj layer 3, and etching was conducted until the top surface of the SiN 2 layer 
20 3 was exposed, SiN 2 layer 3 is a layer preventing impurities from diffusing. The etching was finished when it 
was detected that the CN spectrum of 388 nm reaches the maximum intensity of emission, thereby ensuring 
that the size of the remaining portion 27a of the Si0 2 layer on the side surface of a island shaped pattern can 
be constant. In this embodiment, because the SiN x O y layer firmly adhered to the glass substrate 1 is formed 
on the glass substrate 1 the SIN x O y layer is prevented from peeling off. 

25 

Example 7 

Referring to Figures 19Aand 19B, a seventh embodiment will be described: 
An SiN x Oy layer 2 was formed on a glass substrate 1 as a first dielectric layer, wherein the value of y 
30 varies from 0 to 2 above the boundary between the substrate and the SiN x O y layer 2. The formation of the 
Sir^Oy layer 2 was effected by a reactive sputtering apparatus follows: 

Reactive sputtering was conducted in a gaseous mature of nitrogen and oxygen with a silicon target. 
In the initial period of time the flow rate of oxygen was in the range of 100 to 10%, and as the proceeds, the 
flow rate of oxygen drops to 0% under which the layer was formed for a given period of time, and then the 
35 value of y of the SiN x O y layer 2 varies from 0 to 2. In this way the SiN x O y layer 2 was formed. A good result 
was obtained when the total pressure was in the range of 1 to 20 mTorr, and the substrate 1 had a temperature 
of 150 to 300°C. The thickness of the resulting layer 2 was in the range of 500 to 3000A. 

TFTs are formed on the SiN x O y layer 2. Good adherence between the substrate 1 and the SiN x O y layer 2 
was achieved. 
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Example 8 

Referring to Figures 20A to 20B, first, as a set of first dielectric layers, an SiO:N layer 31 , an SiN layer 3 
and an Si0 2 layer 16 are successively formed on a glass substrate 1 and as a second dielectric layer an SiN 

45 layer was formed was formed as a remainder 27a around the island-shaped pattern 100 as Example 4. 

A cleaned glass substrate was prepared, and the SiO:N layer 31 and the SiN layer 3 are formed to about 
600 Aon the glass substrate 1 1n the same manner as Example 3. And the SIO2 layer 16 are formed to 500 A 
in the same chamber with Si0 2 target under the condition in which the substrate had a temperature of 200°C, 
RF power was 750 W, a gaseous pressure was 5 mTorr, a flow rate of Ar was 70 seem, and a flow rate of 0 2 

bo was 30 seem. TFTs are formed on the SiO z 1 6 are formed in the same manner as Example 4. Agood adherence 
between the substrate 1 and the dielectric layers 31,3,1 6, and the semiconductor layer 4 had large crystalline 
particles of silicon, and high mobility was achieved. 

Example 9 

55 

Referring to Figures 21 A and 21B. a ninth embodiment will be described: 

Similarly with Example 8, as set of first dielectric layers, that is, an SiO:N layer 31, an SiN layer 3 and 
Si0 2 layer 16 are successively formed on a glass substrate 1, and as a second dielectric layer the Si0 2 layer 
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16 remained as a remaining portion 27a around the island-shaped multilayer pattern 100. TFTs were formed 
on the Si0 2 layer 16 in the same manner as Example 8. Adherence between the glass substrate 1 and the 
first dielectric layers was satisfactory, and the crystalline particles were large in size so as to secure high mo- 
bility. 

Figure 23 shows an example of an active matrix type liquid crystal display apparatus to which the TFTs 
obtained by any Examples 4 to 9 are applied. In Figure 23, the display apparatus include a gate bus 18A, a 
source bus 1 9A, a common line 20A, TFTs 21 A, and a liquid crystal 22A. The TFTs 21 Aof the present invention 
can be used not only in the gate scanning circuit 23A and the data driver circuit 24A but also in each pixel be- 
cause of their high mobility. 

It will be appreciated from Examples 4 to 9 that the set of first dielectric layers prevent impurities from dif- 
fusing from the substrate because of the SiN z layer contained therein, good adherence of the first dielectric 
layers to the glass substrate was maintained because of an oxygen-content silicon compound layer present 
therebetween, thereby preventing the dielectric layers from peeling off during the production process. In ad- 
dition, large crystalline particles grow because of oxygen-content silicon compound layers present between 
the layers and the substrate. 

A portion of the dielectric layer which was first overlaid on the substrate remains on the side of the island- 
patterned layer simply by an anisotropic etching. The etching period of time can be precisely controlled through 
a spectroscopic analysis of plasma. The size of the remaining portion 27a can be made constant. 

The content of oxygen in the SiN x O y layer Is successively varied from 2 (y = 2) to 0 (y = 0). When the SiN x O y 
layer is rich in oxygen as y = 2, the semiconductor device has good adherence between the substrate and the 
SiO x O y layer owing to the oxygen content When the content of oxygen diminishes and the SiN x O y layer be- 
comes an SiN x layer (y = 0), the SiN x layer is effective to prohibit the diffusion of impurity ions from the glass 
substrate during cleaning, etching, heat treatment, ion injection, and plasma treatment; for example, in the case 
of polysillcon TFTs an off current Is prevented from increasing, t hereby maintaining good characteristics of tran- 
sistor. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set forth herein, but rather that the claims be broadly con- 
strued. 


Claims 

1. A semiconductor device including a dielectric substrate, a covering layer formed on the substrate, a sem- 
iconductor layer, a gate dielectric layer, and a gate electrode, the covering layer comprising a first layer 
formed toward the dielectric substrate and a second layer formed toward the semiconductor layer, the 
first layer being made of a silicon compound containing oxygen, and the second layer being made of a 
silicon compound containing nitrogen. 

2. A semiconductor device according to claim 1, wherein the first layer is an SiN x Oy (y * 0) layer, and the 
second layer is an SiN z layer (z * 0). 

3. A semiconductor device according to claim 1, wherein the first layer is an SiN x O y (y * 0) layer with the 
values of y continuously varying from 2 to 0 away from the substrate. 

4. A semiconductor device including a dielectric substrate, a covering layerformed on the substrate, a sem- 
iconductor layer, a gate dielectric layer, and a gate electrode, the covering layer comprising a first layer 
formed toward the dielectric substrate and a second layer formed toward the semiconductor layer, the 
first layer being made of a silicon compound containing nitrogen, and the second being made of a silicon 
compound containing oxygen. 

5. A semiconductor device according to claim 4, wherein the first layer is an SiN z (z * 0) layer, and the second 
layer is an Si0 2 layer. 

6. A semiconductor device including a dielectric substrate, a covering layer formed on the substrate, a sem- 
iconductor layer, a gate dielectric layer, and a gate electrode, the covering layer comprising a first layer 
formed toward the dielectric substrate, a second layerformed toward the semiconductor layer, and a third 
layer formed on the second layer, the first layer and second layer both being made of a silicon compound 
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containing oxygen, and the third layer being made of a silicon compound containing nitrogen. 

A semiconductor device according to claim 6. wherein the first layer is an SiN x O y (y * 0) layer, the second 
layer is an Si0 2 layer, and the third layer is an SiN z layer (z * 0). 

A semiconductor device including a dielectric substrate, a first dielectric entity formed on the substrate, 
a multilayer island comprising a semiconductor layer, a gate dielectric layer, and a lower gate electrode 
successively formed on thefirstdielectricentity. a second dielectric entity around the s.deof the mul layer 
island an upper gate electrode formed on the first dielectric entity and the multilayer Island, the first di- 
electric entity comprising a first layer of silicon compound containing oxygen toward the dielectric sub- 
strate, and a second layer of silicon compound containing nitrogen. 

9 A semiconductor device including a dielectric substrate, a first dielectric entity formed on the substrate, 
a multilayer island comprising a semiconductor layer, a gate dielectric layer, and a lower gate electrode 
successively formed on the first dielectric entity, a second dielectric entity around the multilayer island. 

15 an upper gate electrode formed on the first dielectric entity and the multilayer island, the first dielectric 

entity comprising a first layer of sDicon compound containing oxygen toward the semiconductor layer, and 
a second layer of silicon compound containing nitrogen. 

10 A process for fabricating a semiconductor device, the process comprising the steps of preparing a dielec- 
» ' trie substrate, forming a first silicon compound layer containing nitrogen and a second silicon compound 

layer containing oxygen one above the other on at least one side of the dielectric substrate successively 
within the same chamber, and forming TFTs on the second silicon compound layer. 

11 A process for fabricating a semiconductor device, the process comprising the steps of preparing a dielec- 
25 " trie substrate, forming a first dielectric entity with a first layer of silicon compound containing oxygen to- 
ward the dielectric substrate and a second layer of silicon compound containing nitrogen, forming a mul- 
tilayer including a semiconductor layer, a gate dielectric layer, and a lower gate electrode successively 
formedonthefirstdielectricentity.removingthemultilayeruntil it remains in the form ofan Bland forming 
a second dielectric entity around the side of the island, forming an upper gate electrode layer, and etching 

30 the upper gate electrode layer and the lower gate electrode layer with the use of the same resist pattern. 

12 A process for fabricating a semiconductor device, the process comprising the steps of preparing a dielec- 
' trie substrate, forming a first dielectric entity with a first layer of silicon compound containing oxygen to- 
ward the aemiconductor layer, and a second layer of silicon compound containing nitrogen forming a mul- 
tilayer including a semiconductor layer, a gate dielectric layer, and a lower gate electrode successively 
formed on thef Irst dielectric entity, removing the multilayer until it remains in the form of an island forming 
a second dielectric entity around the side of the island, forming an upper gate electrode layer, and etching 
the upper gate electrode layer and the lower gate electrode layer with the use of the same resist pattern. 

13 A process for fabricating a semiconductor device, the process comprising the steps of preparing a dielec- 
" trie substrate, forming a covering layer comprising at least an SiN x O y layer and an SIN, layer one above 

the other on at least one side of the dielectric substrate, and forming TFTs on the covering layer. 

14. A process for fabricating a semiconductor device, the process comprising the steps of Preparing a dielec- 
tric substrate, forming a covering layer comprising an SiN x O y layer on at least one side of the d.electnc 

45 substrate, and forming TFTs on the covering layer, wherein the SINA (y * 0) layer has the values of y 

continuously varying from 2 to 0 away from the substrate. 

15. A process according to claim 13 or 14. wherein the covering layers on the dielectric substrate are formed 
within the same chamber. 

16. A process according to claim 13. 14 or 15 wherein the covering layers on the dielectric substrate are 
formed by a reactive sputtering method. 

17 AsemiconductordevicewithacomplexcweringlayerbetweenadielecW^ 
55 layer, said covering layer comprising a silicon compound containing oxygen adjacent the substrate and 

a different silicon compound containing nitrogen adjacent the semiconductor layer. 
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